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A study of texture and structure of turquoise from [.uonan, Shaanxi Province
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Abstract: Luonan area of Shaanxi Province is a historic site of turquoise and is a potential source of neolithic
turquoise products. The texture and structure of turquoise from Luonan area of Shaanxi Province were studied
by microscope, SEM, XRD experiments in this paper. The results show that the turquoise from Luonan area of
Shaanxi Province mainly has cryptocrystalline texture, with some samples exhibiting band texture and nodular
texture, and has lumpy structure, dense lumpy structure and minor grape structure. The observation under
SEM shows that the turquoise is mainly of flaky texture and irregular lumpy distribution. Tabular turquoise mi-
crocrystals are distributed irregularly, and pores can be seen among them. The microcrystals of turquoise are
somewhat anhedral, the less pores they have, the evener their arrangement, and the denser their texture, thus
exhibiting dense massive structure. On the contrary, it has grape structure. XRD results show that all the sam-
ples have turquoise and quartz, and some samples contain small amounts of illite and kaolinite.
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Fig. 1 The appearance of turquoise from Luonan area of Shaanxi Province
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Table 1 The regular gemological characteristics of turquoise from Luonan area of Shaanxi Province
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Fig. 2 The grape structure of turquoise from Luonan area of Shaanxi Province
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Fig. 3 The texture of turquoise [rom l.uonan area of Shaanxi Province
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a—the grayish yellow turquoise (plainlight); b—the interference color (crossed nicols)s ¢—the cryptocrystalline structure of turquoise;

d—the cryptocrystalline structure of turquoise; ¢ —the band structure of turquoise; {—the nodular structure of turquoise
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Fig. 4 The mineral association of turquoise from Luonan area of Shaanxi Province
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a—turquoise associated with quartz; b—turquoise associated with chalcedony; c¢—turquoise associated with limonite; d—distribution of quartz vein

in the surrounding rock; e—the parallel contact zone of turquoise and surrounding rock; f—the contact zone of turquoise penetrated by surrounding rocks
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Fig. 5 The energy spectrum analysis under SEM of turquoise from Luonan area of Shaanxi Province
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Fig. 6 The observations under SEM of turquoise from Luonan area of Shaanxi Province
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a—the flaky texture of turquoise; b—the irregular lumpy distribution of turquoise; c—the irregular distribution of tabular turquoise microcrystals;

d—the flaky texture of tabular turquoise; e—the tabular turquoise microcrystals; f—the “iron roses” structure of hematite; g—the columnar and

plate turquoise microcrystals: h—the irregular arrangement of turquoise microcrystals; i—the flaky arrangement of turquoise
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Fig. 7 The results of XRD of turquoise from Luonan area of Shaanxi Province
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Q—quartz; T—turquoise; K—kaolinite; [—illite
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Table 2 The X-ray powder diffraction data of turquoise from Luonan area of Shaanxi Province and the standard card
PDF:73-0184 SH-1 SH-2 SH-3 SH-4 SH-5 SH-6
d/A /1. d/A FWHM d/A FWHM d/A FWHM d/A FWHM d/A FWHM d/A FWHM
8.9829 186 8.9798 0.289 8.9991 0.201
6.686 4 138 6.7132 0.156 6.7044 0.161 6.7125 0.208 6.7118 0.153 6.7209 0.194 6.6912 0.194
6.1658 566 6.1717 0.152 6.1794 0.181 6.1721 0.178 6.1802 0.164 6.2046 0.247 6.1728 0.151
5.986 6 224 6.0053 0.267 5.9979 0.337 6.0043 0.168 5.9910 0.302
5.7509 82 5.7505 0.186 5.7428 0.254
4.798 1 283 4.7961 0.198 4.7933 0.190 4.7928 0.203 4.7979 0.181 4.8207 0.121 4.7927 0.192
4.4915 7 4.4866 0.197
3.6702 999 3.6836 0.193 3.6781 0.200 3.6834 0.235 3.6806 0.195 3.6868 0.231 3.6809 0.258
3.4978 59 3.5013 0.109
3.4369 447 3.4347 0.261 3.4375 0.192 3.4422 0.335 3.4375 0.186 3.4374 0.299 3.4323 0.234
3.2772 368 3.2688 0.222 3.2851 0.314 3.2825 0.350 3.2851 0.262 3.2757 0.235 3.2760 0.284
3.0829 103 3.0849 0.167 3.0873 0.238 3.0865 0.160 3.0871 0.121 3.0926 0.140 3.0893 0.129
2.901 1 741 2.9004 0.285 2.9009 0.247 2.9041 0.332 2.9044 0.252 2.9078 0.290 2.9060 0.306




122 EER S TR |

% 36 &

¥4 &

RIS i 4k 045, 20120 ASCRESY o H A BT i
75 11 JUER 2 S A T 52 AN TR R BE T XA, 46 ) 8 %
JEE R &5 R B 52 31— 8 BRI RO R, AT o i
FOREARAN, FEC a AE AT AR SR E CD HTS
U PRI B S TR B 1 v B8 CFWHMD 35 R AR R

TS B0 2 v B 0 S A i 1) R R S
HL v AR RN R B o T B AN AR
(AT L, I SH-4 A 5 1R 2 w8 5 d /N, B e e &5
R FSE AFGT 58 T » 3K R0 A 0 5% 3881 O %% 41 i
GBI A2 10 SH-5 FES T o 8 i 2 B K, 3X
AR AR R A v T B

3 g

(1) VG p 2R A It 2 B 4 0 VR i (B
WE 0y, B IE S A Ay S5 1 A (5, kg B0 WO L e 2
ARG 3 RN A7 3R T R AR B ™ B, A J2 o 3 s [
FON R, [l T LA B Sk A . AN
O, X FRE S Fe 15,

(2) Bt el SR A7 1) 45 0 2 5L BRI 45 1
53 T WLER A R 5 R S G5 A% IR 2 0 s ) DL O g
BUEPOR M3, 500 DL AR 3 o B P I e AR AR
AR R S A IR A, B0 g R 0 A B R LA
SRR SRS I A o A KA

(3) BeIGys m kA A fE IR B T 5% 2 B 6k
J ARG R AN KU A EAR 73 A0, 0] DL ASCR S A A0 1
ANFEI 53 A7, 3553 WLALBR > A0 o S ha A0 il Bk 3 3
BB, FLBRE D, HEZBR IS 5T, W) &5 b bk 5 3, 5 B
B YUIRAL M 5 e 2 ) 5 3 2 R 32

(4) XRD L5085 KR, B 8 & H S A
FUA 9%, 7E SH-2+ SH-3+ SH-4 Hid A /b & 114 A1) A4
FH IR A

References

Chen Quanli> Yin Zuowei» Qi Lijian, et al. 2012. Turquoise from
Zhushan County, Hubei Provinces ChinalJ]. Gems & Gemology
48(3): 198~204 .

Hao Yongwei and Hao Feizhou. 2002. The turquoise culture in neolithic
age in Chinal J]. Acta Petrologica et Mineralogicas 21 (Supp. ):
147~150Cin Chinese).

He Xus Chen Lin, Li Qinghuis et a/. 2011. Trace elements and rare

earth elements characteristics of turquoise from Zhushan and Maan-
shan areal J]. Rock and Mineral Analysis» 30(6): 709 ~713(in
Chinese).

Huang Jiwu and Li Zhou. 2012. Polycrystalline Material Principles
Method and Application of X-ray Diffraction Experimentl M. Bei-
jing: Metallurgical Industry Press, 161~163Cin Chinese).

Jiang Zechun, Chen Damei» Wang Fuya, et a/. 1983. Themal proper-
ties of turquoise and its intergrowing minerals in a certain district of
ChinalJ]. Acta Mineralogica Sinica, (3): 198~207Cin Chinese).

Li Shengrong. 2008. Crystallography and Mineralogyl M. Beijing: Ge-
ological Publishing Houses 307(in Chinese).

Shen Keya and Wang Xu. 1998. Turquoise appreciation and evaluation
[J]. Jewellery Science, (3): 41~42(in Chinese).

Shi Zhenrong and Cai Keqin. 2008. A study of turquoise and secondary
woodhouseite from Yuertan, Baihe County, Shaanxi Provincel J J.
Acta Petrologica et Mineralogica, (2): 164~170Cin Chinese).

Xian Yiheng, [.i Yanxiang and Yang Qihuang. 2016. Stone mining
hammers of Jivanyao turquoise Mining sites ] ]. Acta Anthropolog-
ica Sinica» 35(3): 1~12Cin Chinese).

Yu Jishun. 2011. X-ray Powder Mineral Identification Handbook(map)
[M]. Wuhan: Huazhong University of Science and Technology
Press> 296~297(in Chinese).

Qin Y, Xu Y Y and LI HM. 2015. Turquoise mine and artefact corre-
lation for some bronze age archaeological sites in Hubei Province,
ChinalJ]. Archacometry, 5(57): 788~802.

Yu Xiaoyan. 2016. Colored Gemmology (2ed Edition)[ M ]. Beijing:
Geological Publishing Houses 265~275(in Chinese).

Zhou Yan, Qi Lijian, Dai Hui> ez a/. 2013. Study on gemmological charac-
teristics of turquoise from Dian” anshan, Anhui Provineel ] 1. Journal of
Gems and Gemmology, 15(4): 37~45Cin Chinese).

Zhang Shengnan. 2012. Contrast Study of Mineralogy on the Natural
Turquoise and Treated Turquoise from Zhushan, Hubei Province
[DJ]. Beijing: A Dissertation Submitted to China University of
Geoscience for Master Degree(in Chinese).

Zhao Hongxia, Fu Xiufeng, Gan Fuxi» et a/. 2007. Study on miner-
alogical characteristics of turquoise samples from different provinces
by non-destructive analysisl J J. Rock and Mineral Analysis, (2):
141~145Cin Chinese).

Zhang Dengyi and Li Yanxiang. 2015. A preliminary study on the un-
earthed Qin turquoise products in Shaanxi Provincel J J. Huaxia Ar-

chaeology, (4): 21~28(in Chinese).



1 Wt KA BV I R SR AN A (1 S A R R HE I 5T 123
KL HATWERE, (2): 164~170.
M h 3c 5 3 ik Jea i, ZEIERE, M. 2016, W EEHR A S A st il R A1

AR, A CSE. 2002, HEDR A BRSSO A
Fgei, 21T 147~150.

T, B AR, T, AL 2010, TR L SRR A B I 3
MM LI HRAEL] D, E B, 30C6): 709—713.

AR, 2= . 2012, B EARE X SRR ISR 00 IR EE VL S N
[MI. dbxt: wm& T AL, 161~163.

LA, MROCME, TN, 2. 1983, WAL B — a5 Gk A 1 b
e HIEY ()] 7954, (3):198—207.

FRESE. 2008, &b S IMY. dea: HUBTH R, 307,

RO, £ ML 1998, SRAA%H SN ] SRR (3): 41
~42.

AR, Z5T0H). 2008, Bert i B H LS A 5 TR BT ER LI

HEL]]. N2, 35(3): 1~12.

FRHME 2011, F9 X S fh %8 T U CEEHOIMD. Rl ek
HOAA AL, 296~297.

AL, 2016, A 0TI B0 CE ZBOIM]. dbsit: #5 HARAE,
265~275.

A, RISl 1 B, A% 2013, BB LSRN A I T A
FERFAL) ] SRR RAFIE, 15(4):37~45,

SRMESS. 2012, WIHEAT L R AR G4 A7 55 10 4 Ak BE A 7 (0] LLF 5T
G208 300D, Jb5t: A OR 2 (e 50,

BULEE, RIERE, THRE, . 2007, ARREPHUEHFA A TCRBAG I K5
AREERRFAERTFEL) ], A0 IR, (2D 141 —145.

KRR, ARIEAE. 2015, (LPGH LAe Z SRR A B ) ], AR
HE%, (4): 21~-28.





